Opening, in a controllable way, energy gap in graphene electron spectrum is necessary for many potential applications, including an efficient carbon-based transistor. We have shown that this can be reached by a chemical functionalization of bilayer graphene. Using various dopants, such as H, F, Cl, Br, OH, CN, CCH, NH2, COOH, and CH3 one can vary the gap value smoothly between 0.64 and 3 eV and the state with the energy gap is stable corresponding to the lowest-energy configurations.
First, we have investigated the dependence of the total energy on the type of dopant and its concentration (coverage level). We have found the most stable configurations at the functionalization by fluorine and hydroxyl groups (the case of hydrogen was considered in Ref. [9] ). The supercell size was varied between 32 and 8 carbon atoms per layer (the latter corresponds to maximum possible 25% coverage, two dopant atoms or molecules per eight carbon atoms). The chemisorption energy was calculated as described in Ref. [9] , choosing molecular fluorine F 2 and water H 2 O as reference points for the cases of F and OH, respectively. The calculations show a decrease of the chemisorption energy with the coverage increase (in the limits noticed above), from -1.58 eV to -1.89 eV for F and from -2.37 eV to -3.16 eV for OH. In both cases, as well as for H, the most stable configurations correspond to the maximum coverage. Whereas for single H atom the activation energy is positive (1.28 eV) and thus its chemisorption is not favorable for F and OH the corresponding values are -1.21 eV and -2.23 eV, respectively.
Further, we have considered also the one-side functionalization of bilayer graphene by another groups, namely, CN, NH 2 , CH 3 , COOH, as well as by combination of the dopants and hydrogen (see Fig. 2 ). Despite a rather different chemical composition of dopants the distortions of the functionalized graphene layer (height differences between the highest and the lowest positions of carbon atoms in the layer) d lie in a relatively narrow interval, from 0.36Å for the case of H to 0.57Å for the case of COOH (see Fig. 2g ), that is, from 11% to 17% of interlayer distance in graphite. The minimal interlayer distances h in the one-side functionalized bilayer vary between 3.25Å for H and 2.98Å for COOH (97%-89% of interlayer distance in graphite).
The electronic structure for the most stable configuration (25% coverage) is shown in Figs. 2 and 3. One can see that, surprisingly, the value of the energy gap opening at the doping is not too sensitive to the dopant type varying in the interval 0.64 -0.68 eV (see Fig. 4 ). In a sense, the situation reminds the epitaxial graphene on SiC [21] where one graphene layer is supposed to be almost unperturbed and another one (buffer layer) is strongly coupled covalently with the substrate. For some types of the epitaxial graphene the existence of energy gap was theoretically predicted (0.45 eV, Ref. [22] ) and experimentally confirmed (0.26 eV, Ref. [23] ). Interestingly, some peaks of the density of states around the Fermi energy have been observed there [23] . Similar peaks can be seen also in our computational results ( Fig. 2 and 3) .
Further, we have investigated the case of two-side functionalization. It was shown already that for the case of hydrogen one-side an two-side chemisorption energies of bilayer graphene are rather close [9] . The same turns out to be correct also for the case of fluorine and hydroxyl group. At the same time, the electronic structures for the case of one-side and two-side doping are completely different. For the latter case, the energy gap is essentially larger varying from 2.12 eV for hydroxyl group to 3.03 eV for hydrogen (see Fig. 3 ). In the case of one-side functionalization a hybridization with practically unperturbed layer of pure graphene holds whereas for the two-side case both layers are strongly modified and distorted.
Let us discuss now equilibrium configurations of the dopants shown in Figs. 2 and 3 . For single atoms such as H and F it is impossible to discuss their orientation, and for the case of CN group a very strong triple C-N bond keeps the molecule normal to graphene plane. For other cases, the dopant orientations are coordinated by their interactions. This is clearly seen, e.g., for OH group in Fig. 2 and inset to Fig. 3b . Whereas for a single OH group the angle C-O-H is almost 180
• for neighboring OH groups this angle diminishes to 105
• and a preferable mutual orientation of the groups appear, for both one-side and two-side doping (see inset to Fig. 3b for the latter case). For the dopants of this type, actually, a four-layer system is formed, such as dopant/carbon/carbon/dopant. This leads to specific dopant-dependent distortions of graphene effecting on the value of the energy gap. The stronger distortion and, therefore, the weaker the interaction between the dopants at opposite sides of graphene, the larger is the energy gap. For different single-atom dopants under consideration, the distortions are more or less the same and the gap is mainly dependent on their number in the Periodic Table. These data are summarized in Fig. 4 . We have performed also calculations for CCH dopant, with the triple C-C bond. In this case, as well as for CN, the dopant orientation is irrelevant, and the value of the gap continues the line H-CN-F-... (Fig. 4) . We have considered also different combinations of the dopants with hydrogen. The latter destroys the ordered four-layer structure described above and the values of energy gap turn out to be close for all the dopants varying in the limits 2.96 -3.03 eV.
Next, we have investigated the effect of surrounding water for the case of hydroxyl groups. If one add one water molecule per group connected by the hydrogen bond and optimize the structure it leads to additional distortions of the bilayer (0.39Å without water and 0.51Å with water) increasing the value of energy gap from 2.12 to 2.36 eV.
We have considered also the doping of bilayer by heavier elements, namely, halogens Cl and Br. However, in these cases the limitations because of size factors become more essential. Whereas doping of the bilayer by chlorine is possible two bromine atoms form stable molecule B 2 under the surface of practically undistorted bilayer. However, partial doping by heavy halogens is possible if combine them with hydrogen. The values of energy gap for F...H and Cl...H doping are larger than for F...F and Cl...Cl, respectively (see Fig. 4 ).
To conclude, our results allow to formulate general principles determining the value of energy gap in doped bilayer graphene. One-side doping, almost independently on the chemical nature of the dopants, leads to the gap of order of 0.6 -0.7 eV. Two-side doping makes possible to change the gap in much broader limits. The functionalization by halogens or their combination with hydrogen results in the gap values in the range 1 to 3 eV, however, this value cannot be fine tuned. On the other hand, using various groups on the base of elements of second period of the Periodic table one can change the gap in between 2 and 3 eV smoothly, with the accuracy about 0.2 eV. Interaction between dopants and water can also change the gap by a value of order of 0.2 eV. Thus, variations of solvents can be also used to tune the gap. The case of hydroxyl groups requires further more detailed investigation due to its relevance for perspective exfoliated graphene oxide [24] .
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